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COTTON SEEDLING DISEASES AND BOLL ROTS 
DISTRIBUTION AMD: DISSEMINATION 
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Supylewént 141° April 1, 1943 


The following reports, by Paul R. Miller of the Division of hiycology 
and Disease Survey, and by Richard Weindling of the Division of Cotton 
and Other Fiber Crops and Diseases, summarize the results of 4 years of 
surveys for cotton diseases and of special studies on distribution and 

dissemination suggested by observations made during the surveys. 
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A SUMMARY OF. FO ARS GF COTTON SEEDLING 
AND BCLL ROT SURVEYS 


Prior to the initiation of these cotton disease surveys, seed treatment 
was known to be effective in controlling certain cotton seedling diseases; 
however, explanations for the results obtained were largely empirical since 
the' organisms involved in the seedling-disease complex were definitely 
known only for a limited area. It appeared, therefore, that studies of 
a regional scope, over a period of several years, concerning the identity, 
distribution, and importance of the fungi associated with damping-off of 
. cotton seedlings and with boll rots, should give a more effective basis 
for research on specific seed treatments for the different cotton-producing 
areas. 


Hence these surveys, in which samples were obtained in 14 States and 
from more than 2000 fields, were begun. - They involved the cooperation of 
both Federal and State pathologists, to whom the author expresses his 
sincere appreciation. 


Because of the present emergency it has been necessary to discontinue 
these surveys, therefore a brief summary of the results so far obtained, 
during the growing scasons of 1938 to 1941 inclusive, is presented herein. 
*. Detailed reports have been issued upon completion of cach separate survey 
(1, 2, 3, 4, 5s 6, 7, 8)- Methods employed, as well as a discussion of the 


first 2 years! ‘findings, -have also been presented (10). Portions of the fol= 


lowing discussion have“aélready appeared in the reports cited and in prepar- 
ing this summary no especial attempt was made to avoid repetition. 


Perhaps the most interesting finding made during these surveys concerns 
the wide distribution of Glomerella gossypii Edg. throughout the Southeast- 
ern States on both diseascd secdlings and bolls. It occurred on 81.2% of 
the scedling samples and on 67.8% of the boll samples (Tables 1 and 2). 
However, in Texas and Oklahoma occurrence of this fungus was limited to the 
eastern portion of each State. Maps showing this distribution have been 
shown in various issues of the Plant Disease Reporter. 


Failure to find the cibieueone fungus in 1 the Western Belt is evidently 
attributable to unfavorable dry conditions which prevent its survival dur- 
ing the period between the damping-off: stage and the boll-rot stage (Figure 
1). Previous to our surveys it was assumed generally that anthracnose 
practically disappeared with the advent of the boll weevil, which had 
forced the adoption of early-maturing cotton varieties of open ‘type. Per- 
haps failure to recognize thet the epidemiology of boll rots has changed 
considerably since the pioneer work on anthracnose accounts for this er- 
roneous assumption. In our collections symptoms on the majority of 


1 This information now has an especial timeliness, also, in view of the 
anticipated shortage of certain chemicals used in the manufacture of seed 
treatment compounds. 
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Fungi isoleted from cotton scedling samples 


collected in 1938, 1939, 1940, and 1941 


Table l. 
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Fungi isolated from cotton boll samples 


collected in 1938, 1939, 1940 and 1941 


& Aspergillus spp., Rhizopus .spp., and Penicillium spp. 
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Precipitation in Inches 


15 to 20 ry WA 30 to 40 
20 to 30 40 to.50 


Fig. 1. Annual rainfall in the cotton belt of tho United States 


specimens from which the anthracnose fungus wes cultured did not conform 
to thosc described carlier, in that the lesions were ususlly much smaller, 
ae were not sunken 2nd brownish in color with : red border, and only 

rarely were the moist, pinkish, pasty looking m2sscs of spores encountered. 
Most boll lesions from which G. gossypii“w's isol~ tod were limited spots, 
usually water-sozked in appesrance, end indistinguish:ble from those caused 
by the angular leafspot bacteria (Xenthomon:s milvaccarum), or by other mi- 
groorganisms. Field observatiténs and other evidence obtained during these 
surveys indicated that X. malvaccarum plays an important role with respect 
to the snthracnose boll “disease by providing infection courts for G. gos- 
“Sypii (9). Apparently boll weevil punctures are also i dealin of entry, 
perticularly during the latter part of the season. 

Fuscrium moniliforme Sheld. and, other species of Fusertibs occurred on 
both secdlings and bolls about as frequently as did G. gossypii. However, 
it is difficult to evaluate the significance of the high percentage of 
F. moniliforme since this fungus dots not appear to be a primary pathogen 
of demping-off of cotton seedlings. This is true «lso for the various 
other specics of Fusarium isolated, since little is known rogerding their 
pethogenicity to cotton seedlings. On bolls these Fusaric, as well es 
Alternaria spp., ere considercd mainly as sccond-ry invaccrs, ontering the 
bolls through lesions cnuscd by othcr agents. 

Rhizoctonia soleni Ktihn, which is « virulent scedling pathogen, although 
isol-ted from a relstively small number of samples (15.5%), was found to 
be rethcr widely distributed. 

The occurrence of the following fungi, whose pathogenic effects are not 5 
so well known, was sufficicntly common to deserve mentions Diplodia spp., an 
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Penicillium spp., Aspergillus spp., Sclerotium rolfsii Sacc., Pythium 
spp», Sclerotium batcticola Taub., Rhizopus spp., ond Ch.ctomium spp. 

During the surveys under discussion certain obsurvetions led to work 
reported in the next L erticles of this Supplement. 
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_. OCCURRENCE OF THE ANTHRACNOSE FUNGUS, GLOMERELLA GCSSYPIL, 
ON COTTON PLANTS GROWN INFESTED SEED AT FOUR LOCATICNS IN 1941 


Richard Weindling 


This report deals with the cutiteslaleinis of the anthracnose disease of 
cotton between seedling and boll phase.-. Two pertinent problems have been 
brought into bold relief by the seedling and boll disease surveys: 1) How 
does the anthracnose fungus survive and spread during the summer months? 
.and 2) Is .its scarcity in, western Texas ‘and Oklahoaa due to the prevail- 

- ing summer climate? 

' With respect.to the second question, the available evidence is mostly 
circumstantial. Present, conditions have brought about abandonment of plans 
along those lines of the work which were expected to furnish adequate data. 

The first question has been answered to some extent by Atkinson (2) as 
_ early as 1892. He found the fungus fruiting on dead portions of leaves and 

‘stems, particularly around leaf scars. Latcr investigators confirmed this 
observation. More reccntly, culture work has supplemented these data. In 
1938, a high percentage of plants used in exreriments on Fusarium wilt at 
Clemson, South Carolina, yielded cultures of the enthrecnose fungus. It 
was obtained from basil portions of surface-disinfected stcms. Subscauent- 
ly, the fungus was cultured from apparently healthy tissues of scedlings 
_ that had been inoculated with G. gossypii (4), «nd from stoms, petioles, 

- and leaf glands of mature ficld-grown plants (1). Such "latent" infection 
is known in oanthrecnoses of some other plents. In such infected tissucs, 
the fungus is ready for sporulation whonever somc of th. tissuc breaks down 
and moisture conditions. 2rc favorable. 

. The procedure chosen to investigate the aforementioned problems was the 
following: 1) To gain a well-rounded picture of occurrence and spread of the 
anthr.cnose fungus, portions. of cotton plents grown from infestcd sced were 
~ cultured and examined at. frequent intcrvels during the growing sezson; 2) 
To study the cffect of climatic conditions, compsr-ble m terial wes sccured 
from several locations. 


Materials and Mothods 


Seed of the varicty Miller, heavily infcsted with the -nthracnose fungus, 
was planted st the following Experiment Stations: Florcnee, South Carolina 
(co2zsteal plein); Clemson, South Carolina (Picdmont); Knoxville, Tennessec; 
and Temple, Texes (black land)+. 

Whole plents or portions of plants chosen at random were collected at 
- intervals during the season. Szemples from Florence ‘and Clemson were brought 
directly to the laboratory. Except for the last shipment, samples from 
Tex2s were by air mail. 


The writer the of Paul R. uilier; 
Knoxville, and C. H. Rogers, Temple, who planted the secd and collected the 
material from these. two jocations. 
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Cn arrival in the laboratory the specimens were treated as follows: 
Pieces were cut from seedlinzs, stems, and bolls. Théy were surface-dis- 
infected, cultured, and examined as described elsewhere (4).°- The material 
taken from.the stems of plants after the thinning stage consisted of un- 
injured bark portions including a part of a leaf scar when possible. These 


sections were cut at 2 or 3 levels of the stem, the lowest at the soil sur-, 


_face or at the cotyledonary node, and the highest at the second woody-node. 
Leaves were wrapped separately in moist paper towels and incubated for 2 
days in moist chambers at 24°C. Washings from the leaves were mounted on 
glass slides and observed for fungous spores. Leaf petioles, corollas, 
and bracts were similarly treated, the latter without previous incubation. 
‘Data were taken on 25 or 50 specimens, when available. With respect to 
numbers of specimens as well as of samples, those from Clemson and Temple 
were inadequate. Stands of these 2 plantings were poor, and development 
of the plants was not uniform. at Clemson dry weather delayed germination, 
while at Temple, moisture conditions made replanting necessary. Excepting 
the first sample, material from Temple came from both original and replant 
plantings. 


Results 


A summary of results is presented in Table 3 in which occurrence of 
Glomerella gossypii is listed as percentages of specimens examined. The 
most obvious feature of this summary is the frequency of positive observa- 
tions in the samples from Knoxville and Florence as contrasted to those 
from Clemson and Temple. It appears that, even when adequate samples were 
secured from the latter 2 locations :nd the anthracnose fungus wes found, 
it was not present in a high percentage of specimens, except at the secd- 
ling stage. The most interesting a. result is the eppearance of the 
fungus in the last sample from Texas 

From the data presented here, it is difficult to draw conclusions re- 
garding the relative frequency of the fungus on the various plant organs. 
Previous work had demonstrated that development .and detection of spores on 
lesves is greatly facilitated by incubating dead cr injured portions in 
moist chambers. When the bracts were placed in a moist chamber, the per- 
centage of G. gossypii was raised above that for leaves of the same sample. 
In generel, cultures from the middle. portion of the stom yielded the fungus 
more frequently than those fran the.basal part. Competing soil organisms 
may play a role with respect to isolation and survivel in the basal part. 
Isolations from sctioles were secured, but not regularly. In one cése 
(last Temple sample), the percentage of Glomerclla-infected pctioles was 
higher than that of the leaves. Spores of the fungus have begn found fre- 
quently in the dead tissues of nectar glands of leaves and petioles. Per- 
haps these glands descrve the special: emphesis placed upon them by some 
‘observers of summer survival. (1). 

_ Summaries of weathcr data from the 4 locations are presented in Tables 4 
and 5 for consideration’ in ‘conjunction with the results summarized in 
Table 3. It is spparent at first glance that simple and generel ‘correla- 

tions can not be derived from these 3 tables. 
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Percentage occurrence of Glomerella gossypii on cotton plants 


grown from infested seed (var. Miller) in 4 locations in 1941 
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Temple, Texas (planted about: April: 25 and May 25) 
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Percentages based on 10-15 observations. 
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Percentages based on observations of 25 specimens, except as indica- 
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‘ted in footnotes: * 
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o# 3 18.03: : 8.C = 8.0 
= .8 85.0 : 52,00 = 315.08 = 
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Morithly rainfall and days with rainfall at the 4 locations 


Table h. 
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Table 5. Monthly average mean temperetures at the 4 locations 


Clemson Florence Knoxville Temple 

: : 
April : 65.2 : 62.8 : 66.8 
May 3 1.5 Tae? : 68.9. 74.8 
June : 76.7 : 77.2 : 74.8 : 79.1 
July. : 80.5 : 79 : 82.5 
August 79.7 79.3 : 79.2 : 83.6 
September : 77.0 75.8 : 80.9 


The trends of the Florence data are rather easily explained. Rapid emer- 
sence kept seedling infection-low. In July, the fungus began to spread 
_ Fapidly. Owing to frequent rains, corollas adhered to the tips of bolls 
for weeks forming an incubation chamber for Glomerella (found on 52% of 
the corollas of one sample) and other fungi. Many early bolls rotted from 
the tip down, a condition causing severe damage in the Coastal Plain Sec- 
tion. Heavy aphid infestation in August covered all aerial plant organs 
with honey=dew which provided an.ideal medium for the) ‘growth of the anthrac- 
nose fungus. This, together with progress of the weevil on bolls, may ac- 
count for the progressive increase in frequency up to the last sampling. 

_ A similar "building-up" trend,is noticeable in the Knoxville data from 
late July through August. The’ fungus was found, however, from the seedling 
stage until: July on a fairly high frequency level. The decrease in the 
fall .may be connected With lack ‘of rainfall, absence of boll weevil, and 
with a ‘leaf worm-infcstation which practicelly defoliated the plants. — 

At Clemson, climatic conditions throughout the seasori were very similar 
to those at. Knoxville. Nevertheless, frequency percentages of the fungus 
were generally lower. A possible explanation of this divergence is that 
the irregular gréwth and- stand of the plants did not provide sufficient 
shade to prevent™ the plant parts from drying very rapidly. 

In the first ‘Temple planting, ‘anthracnose injury to seedlings was high. 
Summer survival of the fungus is considered uncommon in this section of 
Texas. The somewhat untisual development on seedlings was’ attributed to an 
abnormally rainy spring. The data from the limited number of samples sub- 
mitted give some indicstion that over-summering was more difficult than in 
the eastern tocations. This is’ probably attributable to the small number 
of reiny days in July and —— at Temple. 


Students of the anthracnose discases of bean and cucumber have demonstra- 
ted that the causative fungi are able to remain dormant and thus survive 
for long periods as mycelium.in tissues or as appressoria attached to the 
“surface, With respect tothe dissemination of these fungi, rain is con- 
sidered the principal agency. .Tlhe- spores .are. spread by run-off water over 
_ the. soil surface, where they have been. Aound to retain their viability for 
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several doys. Rein drops.. splash’ ‘pores from. leaf to leaf, from plant to 
plant, and from.the soil on to the plants. ~°The-fungi become most easily 
established in tissues effected by some kind of injury. Infection is fa- 
vored by moderate temperature and high moisture, the same conditions that 
benefit subsequent sporulation. 

This evidence, though obtained principally for other aitiradnoses, is 
applicable as a general: beckground for the data’ presented here. The cotton 
anthracnose fungus has survived in 1941 at «ll 4, locations, It: remained 
well distributed and active throughout the season at Knoxville, fluctuated 
at 2 lower level of frequency.at.-Clemson, remained--quiescent during most - 
of the season at Temple, and built up rapidly after an initial latent period 
et Florence. The fungus seemed to be capable of rapid spread whenever con- 
ditions became favorable, and, if they remained so over a considerable . 
period, it built up to epidemic proportions (Florence). Periods of rain- 
fall and rather cool, cloudy weather are’ no doubt primery factors for dis- 
semination. Cf equel importance, however, seem to be factors connected . 
with the saprophytic habit of the fungus. Chief among these appears to be 
the availebility of injured, dying, or dead: plant tissues which usually be-. 
come more abundent as the organs of the plant mature. Lesions caused by 
other discase orgenisms or insects may play a significant role. Further- 
more, close stands «nd large plants tend to provide more shade than open 
stands and sm2l1l plants, and therefore more decomposing material and a more 
favorable micro-climate for the fungus (Knoxville and Florence vs. Clemson 
and Temple). 

It is noteworthy that bitte spore masses, commonly considered as a sign 
of the anthracnose disease, were not observed on any of the stem or leaf 
portions which on culturing or incubation yielded the anthracnose fungus. 
Simil-rly, seasoned observers greed that the severe rot of early bolls 
occurring in 1941 in castern South Carolina was not pink boll rot or anthrac- 
nosc. However, in fields of this section planted with Ceresan-treated seed, 
the anthracnose fungus was found on rotted bolls as well as on other plant 
orgens neerly'es often as in the collections from Florence analyzed in this 
study. Evidently, the fungus fr¢quently occurs in association with other 
orgenisms thet tend to obscure outward signs of its presence. The importance 
of these potential or hidden sources of inoculum will be emphasized further 
by portions of the following article a with the role of trash in seed 
infestation during ginning. 


Summery 


Evidence hes been obtzined on the-presence and spread of the anthracnose 
fungus during the 1941 season, end on the influence of climatic factors, 
by examining and culturing, at intervals, portions of cotton plants grown 
from infested seed at 4 locations. The fungus was fouhd at all locations 
in the seedling and boll stage, and at the 3 eastern locations throughout 
the summer on stems, leaves, and bracts. Simple relationships between 
clim-tic factors and relative abundance of the fungus could not be estab- 
lished. The data indicate that, in addition to periods of rainfall, other 
factors are importent, such as the aveilability of dead plant tissues and 
of shade provided by close stands of large plants. It is suggested that 
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the fungus over-summered at Temple, Texas, in a quiescent form, and that 
unusually wet spring weather gave a better chance for its persistence than 
in ordinary years. 

In the eastern narts of the cotton belt, the anthracnose fungus frequent- 
ly infects stems, leaves, and other organs of thé cotton plant. When mois- 
ture conditions become favorable, such latent infections are followed by 
saprophytic development in rotting tissues that provide potential sources 
of inoculum for boll infection and-sced infestation. 
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RELATION CF GINNING TC CONTAMINATION OF CCTTON SEED 
BY THE ANTHRACNCSE FUNGUS 


Richard Weindling and Paul R. Miller 


During the cotton disease surveys, the observation was made that the 
number of bolls infected with the anthracnose fungus, Glomerella gossypii, 
was very small when considered in relation to the frequency of the fungus 
as a seedling parasite. Often, most of the seedlings in large fields had 
' anthracnose lesions, but it was rare during any of the 4 yearly boll sur- 
veys to find a field with as many as 1% of the bolls infected. The assump- 
tion that the seed is the principal source of seedling inoculation is sup- 
ported by the effective results of seed treatment. -It seems improbable, 
however, that infected seedlings originate only from the seed derived from 
so few diseased bolls, 

The theory was advanced that seed may become contaminated with the an- 
thracnose fungus during ginning. Exploratory examination of materials 
collected from gins near Clemson, South Carolina, made it manifest that 
"trash"l carries even more conidia of G. gossypii than seed. In modern 
gins most of this trash is removed from fiber and seed by extracting and 
cleaning equipment. These operations are accompanied, however, by vigor- 
ous whirling and mixing of the seed cotton. It should be expected that 
spores and small particles carrying the fungus are effectively distributed 
during ginning, just as agitation spreads germicides in seed treatment 
operations. Seed free from G. gossypii may thus become contaminated by 


1 The term trash is used here to designate broken bolls, hulls, pieces of 
leaves, stems, bracts, pebiolese and other debris that has been picked with 
te seed 
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spores originating not only from other seed and from bolls but also from 
infected plant organs contained in the trash. Furthermore, particles of 
trash may adhere to machinery of the gin, attach themselves to seed of 
lots ginned subsequently, and thus contaminate them. 

The data presented here are concerned principally with (1) findings 
of conidia of Glomerella on samples of seed and trash collected from gins 
in South Carolina during the past 3 seasons, and with (2) supplementary 
work on seed contamination produced by adding contaminated trash to seed 
cotton prior to ginning. The spore load determinations are quantitative, 
and reveal some effects of sectional, seasonal, and climatic factors on 
secd contamination. Such data may be useful as a background for further 
investigations along this line. 


Materials and Methods 


Samples of seed and trash were brought to the laboratory in paper bags 
and stored until used. Glomerella contamination was determined by 2 
methods: (1) germinating 2 aliquots of 100 seed in flats with steamed 
sand in the greenhouse, and (2) counting spores washed from the seed or 
trash as described below... These two methods were also used with seed re- 
sulting from the experimental ginning. 

In 1939, all samples were taken at one gin in the upper Piedmont, 2 
samples of seed and trash being derived from a given lot of seed cotton. 
In 1940 and 1941, samples were collected from numerous gins throughout 
South Carolina, one sample of seed and trash per gin*. Conditions at 


+; most gins made it impracticable to secure seed and trash from the same lot 


of secd cotton. 

The procedure for counting conidia of Glomerclla gossypii was essential- 
ly «s follows. One hundred grams of seed or 40 grams of trash were shaken 
vigorously with 300 cc. of water in quart jars. The washings were passed 
through cheese cloth. Washings from seed were centrifuged to 1/100 the 
original volume. a greed counts were made of these concentrates and of the 
trash weshings with 2 haemocytometer commonly used in counting spores or 
blood cells. Deterninetsona from 2 drops were usually found sufficient. 
If they varied considerably or if Glomerella spores were absent, results 
from additional mounts were averaged to obtain an estimate of spore load. 
This method has been employed from 1939 to 1941 by the senior writer with 
minor modifications. The junior writer has contributed to this study the 
1941 data on spore load of seed. He has used an improved version of the 
above method as described by war in detail in a previous report, (P.D.R. 


2h: 85. 1940). 


Results of Collections from Commercial Gins: 


in 1939, 1940, and 1941 


The principal fcatures of the data assembled in tables 6-8 and of con- 
current observations may be expressed as follows: 

(1) All washings of trash samples (except one) yielded conidia of 
G. gossypii. Samples with a preponderance of fine trash (broken leaves, 


2 Thanks are due to Mr. C. C. Bennett for collecting many of these samples, P 


‘ 
5 
" 
4 
i 
j 
4 
f 
| 
| 
‘ 


' dence given in the preceding article suggests that reinfall in June, July, 


Table 6. Glomerella contamination of samples collected from a gin 
in the Upper Piedmont of South Carolina in 1939 


Seed Cotton Sample ‘ Spores of G. gossypii 
no. + index. Per. seed. : Por mg. trash 
: : 

2 : 19 : 4,20 

2 84h 19 108 

3 L9 : 177 

: Boks 55 : 28 : 36 

4 : es 59 : 0 : 223 
: 65 : C : 156 

5 : 61 C 59 

6 : 81 : 52 

7 : 69 88 

8 3 : 32 296 

2 59 H 19 223 

9 : 719 161 320 

10 73 120 297 


& Index obtained by subtracting from 100 the percentage of 
healthy and 1/2 the percentage of lesioned plants. 


bracts, and other debris) had spore loads varying in the same range of mag- 
nitude as those of coarse trash (hulls, broken bolls, pieces of stems). 
This might have been expected from the .findings of G. gossypii on loaves 
end other organs of field plants discussed in the preceding article. 

(2) In all secd samples without exception, presence of the anthrecnose 
fungus was demonstrated by-microscopic -cxamination of lesioned. scedlings 
obtained in the germination test. Glomerella gossypii caused most of the 
pre= and post-cmergence losses combined in the tables as a2 disease indcx. 

(3) Spore loads of the anthracnose fungus on sced samples varied more 
widely than disease indices. Spores were not detcctcd by the washing- 
centrifuging method in several samples that had considerable Glonerella 
damoing-off when germinated. 

(4) Spore loads on seed as well as on trash were generally higher -in 
1941 than in 1940. The spore loads in samples from the Coastal Plains 
section exceeded those from the Piedmont in 1941, but not in 1940. Evi- 


and August is a decisive factor with respect to spread of Glomerella in the 
field. In 1940, June and July rainfell in South Carolina wes below normal. 
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_,, Table 7. Glomerella contamination of samples collected from 
South Carolina gins’ in°1940. Nos, ere from--~---~-- 
. the Piedmont, Nos. 15-24 from the Coastal Plain Section 


Seedling Spores of G. gossypii 
no. ; Disease Index® , Per secd : Per mg. trash 
2 ; 45-3 : -}26~ - 
53.6 : 16 : 280 
9 67.3 : 3 60 
107 73.9" core 
84.4 : 20 
84.4, 813 a 416 
18: 57.9 : 
The 3 40 
a 66.7 : 19 190 
2k 76.7 32 P40 
: : : 


2 See footnote Table 6 


In 1941, it was considerably ebove normal, particularly in the Coastal 
Plain. August reins, were about normal in 1941, and much above normal in 
1940, but in the latter, cese they fell in e,few days of heavy storms. 

(5) The viebility of many secd of the Coastal Plain samples of 1941 — 
wes low, as indicetcd by germination of delinted seed (Table 8). Internal 
infection was present in some seed of all these samples, but only in few 
samples from the Piedmont. Correlations were not noticesble among the data 
on viebility, internal infection, discase index, and spore load. The ab- 
sence of correlations may be due to the heterogeneity of the samples. Some 
duplicate samples from the same gin even showed considerable variation 
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Table 8. 
South Carolina gins in 1941. 
Coastal Plain, Nos. 23-43 from the Piedmont 


Glomerell: contamination of samples collected from 


Nos. 1-22 are from the 


Spores of G. gossypii .. 


: Percent 
Sample : non= Disease : 
no. % viable +: index? : Per seed : Per mg. trash 
: seed 3 H 
2°. 4 L9 74.5 4,000 3,028 
43 89.5 1,000 6,133 
26 80.0 : 32,000 4,916 
32 : 77.8 48,000 3,268 
6 3 3 76.0 : 64,000 7,110 
8 3 74.8 O 1,875 
13.3 36 =: : 48,000 6,543 
TS. 10° s. $2.8 : 6,483 
16 : 18 78.0 4,CCC 3,445 
24 °° 2. 84.0 ¢ 86,CCO ‘:: 
6 97.0 60 ,0CO 548 
26-3 160 3: 13 
27.3 7 85.3 3,000 3: 3,035 
33 2 : 81.5 4,,0CO 93 
63 : 200 3 52 
35. 3 ik - 62.0 ’ 3,006: 483 
36 449.6 : 2,000 3 483 
37-8 16 : 48.6 : 160 3 885 
39 +: 340%. 13 
22.5 80 "3 313 
4l 78 .: 2 : 430 
42 3 ¢ 28,CCO 1,095 
43 3 : 16,000 3 


& See footnote Table 6. 
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Table 9. Averages of data from 1940 collections 


Number Seedli : 
Section of -" : Spores of G. gossypii 
samples: index Per seed 3 Per mg. trash 
Constel Plain 10 105 : 262 
Piedmont and 3 : 
Cozstal Plain 2k _98 
Table 10. Averages of data from 1941 collections | 
: germination: ee : Spores of G. gossypii 
: :of delinted: 
: : : ; Per seed , Per mg. trash 
Piedmont : : .64.6 6,891 796 
Coastal Plein : : 4,500 
‘Piedmont and : : 
Coastal Plain : : 13,858 2,691 


Table 11. Effect of trash on seed contamination with G. gossypii. 
One-half pound of trash was added to each 5 lb. lot of 
seed cotton, except to control lots, prior to ginning. 


Lots ginned in order of 


numbers 


Lot 3: Trash added : Spores of G. gossypii 
Number : Kind Spore Load per _seed 
: : : 
1 : control --- 
2 : fine : low 
3 : fine : medium ¢ WS: 23 
4 : fine : high : - 62.3 8 410 b 
5 : control : --- 360: --- 
6 : coarse : high : 84.0 1,000 
g : coarse : very high...: 80.5 3: 88,000 
9 : control ; --- : 88,3 3 138 
See footnote Table 6.° 
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Spores found; number below 12 per seed. 
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Results of Ginning Experiments 


The findings 6n trash with regard to frequency and abundance of conidia 
of G. gossypii led to attempts at inducing seed contamination during gin- 
ning by the addition of trash. A preliminary test in 1939 gave positive 
results. An experiment was conducted in 1940 in order to gain information 
regarding (1) extent of contamination of trash in relation to that of seed, 
and (2) carry-over of Glomerella from contaminated to non-contaminated 
lots. The seed cotton was divided into aliquot lots. They were ginned 
in the order given in Table 11, after some of them had been amended with 
weighed amounts of trash. These trash samples were secured during the 
surveys and their degree of contamination was as indicated in Table ll. 
With increase in the spore load of the trash contamination also increased. 
Highly contamineted trash brought about very severe seed contamination 
és well as carry-over to the lot ginned subsequently. In the samples 
ginned after the lots that had become less heavily contaminated, some carry- 
over was evident in seedling infection but not in spore load. Without 
doubt, carry-over would have been larger in commnerciel gins where ‘seed and 
trash are not removed from the gin efter cach sample as was done in the ex- 
periments. 

The gin used in this experiment wes a small hand gin that had only the 
essential perts of modern gins, gin saws and roll box or gin breast. A 
comparable experiment on < gin equipped with feeding 2nd cleaning machin- 
ery of modern gins w-s madc possible in 1941 at Knoxville, Tennessec. A 
lot of 50 Ib. of sced cotton was ginned while adding 4 lb. of heavily in- 
fested trash. The resulting seed became contaminated with the anthrec- 
nose fungus ct the rate of 2318 spores per secd (average of 22 detcrmine- 
tions). from the original sced cotton was slightly contaminzted 
but the spore-load determination ws negatives. 


Discussion 


Seed contamination with Glomerella has been indicated here by 2 data, 
disease index and spore load. It is realized that neither of these is 
cgnipletely satisfactory when it is desired to compare heterogeneous seed 
lots. The disease index gives an indication of the maximum damage that 
might occur with seed planted in the field. Spore-load data constitute 
a& more quantitative measure of contamination, but the washing-centrifuging 
method does not reach low spore loads. Glomerella damping-off has been 
produced by inoculation of seed with low spore loads. Exveriments of the 
- senior -writer along this line will be reported elsewhere. Working with 
naturally contaminated seed, however, other factors may have to be taken 
into consideration, such as appressoria and dormant mycelia of Glomerella 
which would not be removed by washing sced, and other sced-borne organisms 
involved in seedling diseases. 

The present study points towerd a consideration of some practical im- 
portance. If seed cotton is not picked clean of trash in the eastern 
‘part of the cotton belt, the seed is likely to become contaminated with 
the anthracnose fungus, cven though ginning removes most of the trash. 
This is particularly true when the trash-is heavily infected. In the 
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ginning experiments, trash carrying a low spore load did not cause serious 
contamination of secd, although the amounts of trash added were about 6 
times larger than those normally present in seed cotton. In 1941, average 
spore loads on seed end on trash were much higher than in 1940 (tables 9 
and 10), 

Carry-over of G. gossypii in the gin from one lot of seed cotton to 
the other has been investigated. This material is presented in the ac- 
companying article, "The Dissemination of Fungus Spores from Contaminated 
Secd Cotton During Ginning in Relation to the Germination of the Secd and 
the Diseases of the Seedlings". 


Summary 


Samples of cotton seed and of trash were collected from gins in South 
Carolina during 3 successive seasons. Nearly all samples were found to be 
contaminated with the anthrecnose fungus, Glomereclla gossypii. Spore-load 
determinations revealed some cffects of seasonal, sectional, and climatic 
factors on secd contemination. 

Experiments have been conducted on contemination cf seed by G. gossypii 
during ginning. Addition of infccted trash to seed cotton prior to gin- 
ning produced contamination of seed. The degree of seed contamination 
depended on that of the trash. Carry-over of the fungus was obtained in 
lots ginned subsequent to heavily contaminetcd seed cotton. 

It is concluded that contamination of seed in the gin accounts for much 
of the Glomerella damping-off of svedlings extant in the eastern part of 
the cotton belt, and that infected trash plays an important role in this 
contemination process. 


THE DISSEMINATION CF FUNGUS SPCRES FROM CCNTAMINATED SEED COTTON 
DURING GINNING IN RELATICK TC THE GERMINATION CF THE SEED 
AND THE DISEASES CF THE SEEDLINGS 


Paul R. Miller 


The purpose of the work herein reported was to determine the amount of 
Glomerella fungus contamination that results from ginning Glomerella-free 
_ cotton following contaminated cotton, and at the same time to secure in- 
formation on spore loads of the common fungi occurring on the seed as 
related to germination of the seed and diseases of the seedlings. 

For this seed spore load survey, varieties of cotton, grown in 4 loca- 
tions, 2 of which -- Florence, South Carolina and Tifton, Georgia -- 
were known to be in anthracnose areas, and 2 of which -- Tipton, Oklahoma 
and Lubbock, Texas -- were in western areas where the disease usually 
does not occur, were sent to Stoneville, Mississippi and ginned in the 
order of listing in Table 12. Before ginning, seed cotton samples of these 
41 varieties were bagged and transmitted to us along with the ginned 
samples. Spore load determinations of Glomerella gossypii, Fusarium spp., 


Diplodia spp., and Alternaria spp. were made utilizing methods previously 
described (P.D.R. 2h: 1940). 
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Table 12. Number of spores per seed compared with the percentage 
germination of the seed and the amount of disease on the seedlings 


: 
Sample : Number of spores 
Glomerella Fusarium 'yDiplodia ; Alternaria 22 Bead 
casi Florence, South Caroli: 
.: 15,000: 20,000: 300: 1,800: 0: 3200: 600: 69: 50.5 
2 10,000: 20,000: 600: 10,000: © : Cr 1,800 : 72: 59.5 
3: 10,000: 1,400: O : O 1,200 : 58-2 46.5 
kh s 5,600: 5,000: 1,800: 5,00C: O : 000 t TZ 
+: 5,000: 1,000: 1C,00G: 0: O:1,000: 79 : 51.4 
6. : 25,0CO: 35,00C: 1€C,0C0: 0: - Os 800 : 87 : 73.2 
7 25,C0C: 12,000: 1,000: 10,00C: 0: ACC O: 1,200 : 75 : 66.5 
.: 25,000: 15,CCC: 5,000: 8,00CC: 0: C3: 7h: 58.0. 
: : : : : 
Average: 8,125: 15,250: 1,462; 8,100: 0 3 125 3: 25: 975 74 : 57.2 
Tipton, Oklahoma 
9 : 800: O: 200: Os:-. 5,200 3:69 
5 200: O: 1,206: CG: Cx O3821,600 : Bhs 9.5 
ll 0: Cs: C : 200 : 3,400 : 81 2.7 
2C0: O: 1,2C0: 0 : O: 200 : 6,00: 893 7.5 
O: 5,000: 20,000: 0 : : 200 : 4,400 5.5 
O: CG: 10,0C0: 15,00G: © : 400 : 6,800 : 78 1.5 
45 «3 CG: CG: 5,00Cs 20,000: Cs Cs 200 : 4,000: 8h: 
16.3 0: Os: 1,200: 25,000: 3: © : 400 : 2,400 : 93 : 11.0 
Cs 0: Ce: O0O3.2,600 8s 22 
18 .: C: C: 8CO: OC: 400 : 2,600 : 76 23.2 
19 : O: Oz 25,000:160,00C: O: O: 6,800: 70: 4.2 
QO: C: 5,000: 10,000: C : : 200 : 3,200: 94: 
| ae C: C: 5,CCOs 20,000: Cz Gs: 2,800 && : 1.7 
— Cr: 0: 600: 15,000: C © byhCG 2 BBs 1.2 
ah: O: 18 800: 5,000: Cs: 3 400 2,600.3 74 2.5 
: : a : : 
Average: 75: O:_ 4,825: 21,975: : : 163 3,813 : 82: 5.6 
& Seed from ginned cotton. 
b Sced from unginned cotton (sced cotton). 
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Table 12. Number of spores per seed compared with the percentage 
germination of the seed and the amount of disease on the seedlings 


(continued) 
Sample Number of spores 
no. Glomerella Fusarium Diplodia Alternaria 
Tifton, Georgia 
25 : 206,000: 5,000: 15,0C0: 0: O: Os: 3,800 : 69 : 58.0 
26 : 5,0CC: 1C,CCC: 1,400: 25,000: 0 : 200 : ACC: : 79 : 58.5 
5,CCC: 60C: 30,000: O: C -: 1,000 : 86 : 57.5 
2 : 15,0CC: 1,00C: 35,000: © : 200: C: 600 : 77: 59.6 
-- 806: 20,CCC: O : C3: : 79 : 59.7 
30 15,00C: 5,0CC: 60C: 10,CCC: GO: ©: 200: 8CC : 85 : 59.7 
31 8CC: 600: 5,G00:-15,600: C : 200: © 3: 2,000 : 80 : 57.2 
23.43 4,00: 5,COOs CO : Cs 0: 1,200 : 92 :. 53.2 
33 :4CC,CCC: 80,0CC: 606: 15,00C: C : 80C : 1,200 : 70: 68.7 
34, 8CO: 8CC: 5,000: 200 3: Cs : 86 : 55.2 
: : : : : : : : were 
Average: 44,280: 14,180: 2,030: 19,000: 0: 160 : 60: 1,260: 80: 58.7 
Lubbock, Texas 
35 LOO: Os 60C: 1;06: O O: C#1,600': FFs 8.5 
36: 2C0: C: 2cC: 1,000: 0: O0:2c: SL: 13.5 
C: C: O: Ge: O84... 2.10.7 
38 O: Gs Cz 25,00: C : Ce O:1,200: 82: 7.5 
39 : : O: 15,0003 20,006: ©: O: O:8:1,8600 ¢ Te: 6.2 
LO GO: Cs 1,000: 5;0CCs' C's: : 200':-1,800-: 723: 3-7 
Average: 86; GO: 2.426: 7. G's SPs s 26 


4 Seed from ginned cotton. 
b Seed from unginned cotton (seed cotton). 


The germination percentage determinations of the various seed lots were 
made by D. M. Simvson. He used the standard laboratory germinating tech- 
nique approved by the Association of Official Seed Analysts. 

The disease indices were determined by Richard Weindling. Two replicates 
of 10C seedlings each for each ginned sample were grown in sterilized sand, 
and the disease index was derived by adding the number of dead plants to 
1/2 the number of lesioned plants. 

The results presented in Table 12 show that Glomerella gossypii occurred 


on the seed of all samples of both unginned and gimed cotton from Florence, 
South Carolina and Tifton, Georgia, but it was obtained from none of the 
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samples of the unginned cotton from Tipton, Oklahoma and Lubbock, Texas, 
and from only the first 4 of the ginned samples from Tipton and the first 
2 from Lubbock, This shows that after ginning the infested cotton, 

spores left on the ginning equipment caused sufficient contamination of 
the originally disease-free seed to be detected by the spore-load determi- 
nation method. It should be pointed out here that the anthracnose fungus 
occurred on a limited number of seedlings resulting from the seed of all 
ginned samples from Texas and Oklahoma, even though the mechanical method 
had revealed its occurrence on only 5 of the 23 samples. This inconsist- 
ency is attributed to the shortcomings of the technique and insufficient 
knowledge of the disease. However, the dependability of the method for 
determining spore loads in excess of 200 spores per seed has been estab- 

- lished statistically. Perhaps it would not be reasonable to expect tliat 
all spores would be dislodged in the time that is practicable to devote to 
washing a sample, and it is not known how many spores per seed are neces- 
sary to cause seedling infection under varying environmental conditions. 

It can now be said with considerable certainty that spores of Glomerella 
gossypii are disseminated from contaminated cotton during ginning end thet 
this is an important factor in the widespread occurrence of this organism 
as a scedling parasite. 

Fairly high spore loads of Fusarium spp. were obtained on all samples 
from all locations with the exception of 3 ginned samples from Lubbock, 
Texas, on which none were found. Spores of Diplodic spp. were not found 
on any of the ginned samples, but small spore loeds were obtained on a 
few seed-cotton (unginned) samples from Florence, South Carolina and 
Tifton, Georgia. Alterneria spores were found on all unginned samples 
from the 4 locations end on about 1/2 of the ginned samples. Generally 
the number of spores per seed was lower on the ginned cotton than on the 
unginned. Tsble 12 shows that thc average number of spores per seed for 
the 4 groups of organisms under consideration was considerably higher 
on the unginned (seed cotton) then on the ginned, although the number 
of bolls represented in an unginned sample was much lower than in a ginned 
one. This indicates thet most of the spores on sced cotton sre removed 
with the lint during ginning. 

The recorded laboratory germination percentages show thet gencrally 
there were only slight differences in the vixzbility of the seed originating 
at the 4 locations. The differences, however, in the amount of discase 
that developed on the seedlings, depending upon the origin of the seed -- 
Easter arce versus Western -- were significant, and it scems thet the 
diffeorentixl Glomerella spore loads werc lergely responsible for these 


variations. The results of spore load studies conducted during the past ae 
3 years have shown no relation between the size of Glomerclle spore loads 
on a given sample of secd «nd the pereontage germination of the sced. 
However, the spore load size does seem to influence the amount of post 
emergence demping-off thet results when the secd are planted. 
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THE PROBABLE EFFECT OF HUMIDITY ON THE SURVIVAL AMD SPORULATION 
OF THE ANTHRACNOSE FUNGUS ON COTTON 


Paul R. Miller 


The purpose of this study was to obtain information on the possible ef- 
fect of climatic conditions on the ability of the anthracnose fungus 
(Glomerella gossypii) tc survive during the summer and to sporulate. The 
results tend to show that humidity is an important factor (Table 13 and 
Figure 2). 

Glomerella gossypii-contaminated seed from a comon lot of Stoneville 
5 variety of cotton was planted at 2C locations indicated in Figure 2. 
When harvested, this cotton was sent to one place for ginning. Utilizing 
the techniaue previously described (P.D.R. 24: 85-92, 1940) anthracnose 
fungus spore load determinations were made. Results given in Figure 2 
show that relatively high spore loads were secured from seed produced at 
locations in the more humid belt, i.e., in areas near the coast..-General- 
ly, low sxore loads were obtained froa locations in the inland sections 
of the Eastern cotton belt where somewhat lower humidity prevails. No 
spores were found on cotton originating in the sub-humid and semi-arid 
belts of Texas and Oklahoma, Very similar results were obtained when a 
like study was conducted with sccd of the same. variety planted in 1939 at 
most of the same locations. 

The distribution of anthracnose indicated in Figure 2 corresponds to 
that determined during the cotton seedling and boll disease surveys. 
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Table 13. Averege Relntive Percent Humidity for July @ 


Location ; Time of Day 
a.M, (EST) : Local Noon : 8:00 P.M.(EST) 
College Station, Texas 10 = 8 
Temple, Texas 70 = 80 ; 40 = 50 4 4G - 5C 
Greenville, Texas 70 - 50 - “50 55 
Chillicothe, Texas 70 80 Under 40 45 
Stillwater, Oklahoma sf 76 = 80 ; LO = 50 LO = 50 
Tipton, Oklehoma 70 = 80 ; LO = 50 | 45 = 5C 
Clemson, South Carolina : 80 - 9 2 50-60 : 60 = 70 
Statesville, North Carolina 86 - 90 50 - 60 ; 60 = 70 
Experiment, Georgia 80 - 90 50 60 60 = 70 
Jackson, Tennessee 80 - 90 50 - 60 60 - 70 
Knoxville, Tennessee - 90 50 60 4 6C 70 
Stoneville, Mississippi 85 96 60 70 60 = 7C 
; 80 - 906 50 60 60 - 70 
Marianna, Arkansas 85 - 96 50 - 60 60 = 70 
St. Joseph, Louisiana :- 85 - 90 : 60-70 3: Over 70 
Baton Rouge, Louisiana , 80 = 9C 60 = 76 Over 70 
Florence, South Carolina 80 - 90 60 70 Over 70 
Poplarville, Mississippi ; 85 - 90 ; Over 70 : Over 70 
Tifton, Georgia : 80 = 9C 60 +70 Over 70 
3 


@ Based on 200 First Order Weather Bureau Stations - Period 1899 - 1938. 
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